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Abstract 
Topminnows ( P o e c i l i a  v i t t a t a )  w e r e  p l aced  i n  sc reened  
cages, secured  i n  Richardson 's  pond, Keaukaha, H a w a i i  
to e v a l u a t e  t h e i r  growth i n  c o o l ,  b rack i sh  w a t e r .  A d i e t  
of chicken mash and f i s h - m e a l  w a s  adminis te red  t o  
. , 
determine i f  a supplemental  f e e d i n g  program would i n c r e a s e  
t h e  growth rate. The experiment has  shown t h a t  t h e  
growth rate o f  t h e  f i s h  w a s  i nc reased  s u b s t a n t i a l l y  by 
supplemental  f e e d i n g  bu t  t h a t  growth w a s  still ve ry  slow. 
The slow growth is b e l i e v e d  t o  be on account o f  t h e  low 
w a t e r  temperature w i t h i n  t h e  pond, 
I, I n t r o d u c t i o n  
Topminnows have been in t roduced  a s  l i v e  b a i t f i s h  
f o r  use  i n  t h e  skypjack tuna  (katsuwonus pe lamis)  f i s h e r y .  
, 
R e s u l t s  show t h a t  w i t h  added r e s e a r c h ,  t h e  f i s h  could  
r e p l a c e  t h e  formerly used Nehu. 
Previous experiments which w e r e  done a t  t h e  Hawaii 
I n s t i t u t e  o f  Marine Biology i n d i c a t e  t h a t  topminnows t h r i v e  
and reproduce under a v a r i e t y  of  environmental  c o n d i t i o n s .  
(Herr ick  & Baldwin, 1975) T h e r e a f t e r ,  a p r o j e c t  w a s  
undertaken t o  determine whether topminnows could  be 
grown a t  Richardson's estate i n  a one-half a c r e  pond. 
11, His to ry  o f  Richardson's E s t a t e  (Pond) 
A t  p r e s e n t  t h e  Richardson E s t a t e  is owned by t h e  
County o f  H a w a i i  and is under t h e  Department o f  Pa rks  
and Recrea t ion ,  The 4/5 ( . 8 )  of  an acre pond is j u s t  on 
one s i d e  o f  t h e  E s t a t e .  On t h e  King's Landing s i d e  
( e a s t s i d e )  t h e r e  is  ano the r  pond inuch l a r g e r .  The 
County :of H a w a i i  ob ta ined  t h e  l a n d  from George Richardson,  
The Richardsons ob ta ined  t h e  land from a Hawaiian 
. . family.  T h i s  family w a s  t h e  Malo family who w e r e  . - 
kuamof 0.' They watched over  t h i s  land.  The l a n d  con- 
Kuamolo - l i n e a g e ,  a s  t o  an  a l i l i ,  who would t a k e  care 
of t h e  a l i ' i  belongs,  c l o t h e s ,  l and ,  etc. Not t o  be  
confused wi th  Kauwa. 
s i s t e d  o f  more than  what t h e  Richardson e s t a t e  is today. 
T h i s  area w a s  known as Waiuli (dark  w a t e r s ) .  The Malo 
family took care o f  t h i s  l and  f o r  an a l i t i .  One of t h e  
t h i n g s  t h a t  they  took care of w a s  t h e  grave s i te  ( o r  cave)  
of  t h e  a l i t i .  Th i s  is no t  p a r t  of t h e  graves t h a t  w e r e  
found on t h e  estate. The graves  found on t h e  Richardson 
estate w e r e  t h a t  o f  t h e  Malo family.  
I n  t h e  e a r l y  1700's and t h e  l a t e  1 8 0 0 t s  (from 
Cap ta in  Cook t o  t h e  m i s s i o n a r i e s )  E l l i s  w r i t e s  about  
t h e  many mono and p o l y c u l t u r e  ponds t h a t  w e r e  run  by t h e  
H a w a i i a n s  i n  t h e  Hi lo  d i s t r i c t .  
'IThere are p l e n t y  of duc-tls i n  t h e  ponds 
and streams, a t  s h o r t  d i s t a n c e  from t h e  sea, 
and s e v e r a l  l a r g e  ponds o r  l a k e s  l i t e r a l l y  
s w a r m  w i t h  f i s h ,  p r i n c i p a l l y  of  t h e  mul le t  
kind. The f i s h  i n  t h e s e  ponds belong t o  t h e  
k ings  and c h i e f s  and a r e  tabued from common 
people.  " 
"Along t h e  s t o n e  w a l l s  which p a r t l y  
e n c i r c l e  ' these ponds, w e  saw a number o f  small 
h u t s ,  where t h e  persons r e s i d e  who have t h e  care 
o f  t h e  f i s h ,  and are ob l iged  f r e q u e n t l y  t o  f e e d  
them w i t h  a s m a l l  k i n d  of  mussel,  which t h e y  
p rocure  i n  t h e  sand round t h e  bay." 
The c o a s t a l  pond is i n  e x c e l l e n t  c o n d i t i o n ,  s e p a r a t e d  
from t h e  s e a  by a mortared s t o n e  w a l l  w i t h  a s i n g l e  
g a t e  f o r  w a t e r  passage. The pond is a l s o  connected 
t i d a l l y  t o  t h e  subsurface  s a l t - w a t e r  t a b l e  w h i l e  having 
a h igh ,  f reshwater  flow. The w a t e r  is c l e a r  wi th  a 
c o o l  wa te r  temperature,  " f lush ing  rates are high  b u t  
n u t r i e n t  l e v e l  o f  i n  f lowing is high." (Madden and 
Paulsen)  . The s m a l l  pond sect ion  is s u i t a b l e  f o r  a nurse ry  
pond, The pond '.is no t  c u r r e n t l y  i n  use.  High primary 
p r o d u c t i v i t y  w i t h  high s t a n d i n g  c r o p  is p o s s i b l e .  Good 
a l g a e  d i v e r s i t y .  
111. Materials and Methods 
A. P r e p a r a t i o n  of t h e  Pond 
The i n i t i a l  p l an  w a s  t o  u t i l i z e  t h e  e n t i r e  pond a t  
Richardson 's  estate f o r  r a i s i n g  t h e  topminnows . Marine 
Option Program s t u d e n t s  c leaned t h e  pond and b u i l t  a gate 
t o  seal t h e  en t rance  of t h e  pond a t  t h e  ocean. 
I t  was d e s i r e d  t o  s e a l  t h e  pond from t h e  ocean 
so t h a t  t h e  w a t e r  l e v e l  could b e  kept  n e a r l y  c o n s t a n t .  
Therefore ,  t i m e  w a s  spen t  cementing t h e  more apparent  
leaks i n  t h e  w a l l  t h a t  bordered t h e  ocean. A number o f  
underwater cementing methods w e r e  t r i e d ,  none of which 
proved adequate.  The rate o f  f low between t h e  pond and 
t h e  ocean w a s  slowed, however t h e  range o f  water l e v e l  
f l u c t u a t i o n  d i d  n o t  change. 
I t  w a s  t h e n  decided t o  use  t h e  pond as it s t o o d  even 
though t h e  w a t e r  l e v e l  would f l u c t u a t e  w i t h  t h e  t i d e .  
The f i s h  popula t ion  ( d e n s i t y )  would be l i m i t e d  t o  t h e  
amount of  w a t e r  which e x i s t e d  w i t h i n  t h e  pond a t  t h e  
p o i n t  of t h e  lowest low t i d e  of  t h e  yea r .  A f t e r  obse rv ing  
t h e  lowest low t i d e  of  t h e  summer and comparing t h e  
magnitude of  t h a t  low t i d e  t o  t h e  lowest of t h e  year ,  
it was determined t h a t  adequate water remained wi th in  
the pond t o  raise topminnows. 
The next  problem w a s  t o  e l imina te  t h e  n a t u r a l  
p r eda to r s  found wi thin  t h e  pond. This  was f i r s t  at tempted . 
by a group of M.O.P. s tudents  who t r i e d  t o  d r ive  p reda to r s  
o u t  of t h e  g a t e  and i n t o  t h e  ocean wi th  a l a y  ne t .  I t  
w a s  hoped t h a t  by sweeping through t h e  pond wi th  t h e  ne t  
a l l  p r e d a t o r s  would be  forced ou t  i n t o  t h e  ocean through 
t h e  opened gate. This  method d id  not  work. due t o  t h e  
i r r e g u l a r i t y  of t h e  bottom which allowed many safe h id ing  
places f o r  predatory f i s h .  
A l t e rna t ive  methods w e r e  a l s o  considered. Spear 
and p o l e  f i s h i n g  w e r e  t r i e d  without success.  Poisoning 
and dynamiting w e r e  discussed bu t  r e j e c t e d  due t o  t h e  
chance of harming ocean ecosystems ou ts ide  of t h e  pond. 
Our f i n a l  a l t e r n a t i v e  w a s  t o  provide p ro t ec t ion  
from preda to r s  i n  a small area of t h e  pond .  To do t h i s ,  
w e  utilized screened enclosures  which could be placed 
w i t h i n  t h e  pond. These would allow t h e  f r e e  flow of wate r  
but would p r o h i b i t  t h e  ent rance  of predators .  
3. Construct ion of t h e  cages 
Two cages shown i n  Fig,  3 w e r e  const ructed ou t  of  
wood, These measured 8' x 8' a t  t h e  base and w e r e  each 
4 '  high. The cages w e r e  const ructed of 2 x 4 ' s  
and treated wi th  r e s i n  t o  prevent  w a t e r  logging  and decay. 
Both Cages had a p a r t i t i o n  running through t h e  c e n t e r  
which s e p a r a t e d  each cage i n t o  two s i d e s  of e q u a l  dimen- 
s i o n .  Cage I w a s  covered wi th  1/4" mesh steel s c r e e n ,  
and Cage I1 covered wi th  s t a n d a r d  window sc reen .  Cage I 
would be  used f o r  an a d u l t  broodstock and Cage I1 f o r  
growth and feeding  experiments.  
Locat ions  i n  t h e  pond w e r e  selected f o r  t h e  cages  
(Fig. 2 )  where they  would a t  no t i m e  be completely sub- 
merged and always c o n t a i n  an ample water depth.  The 
cages  w e r e  then  moved i n t o  p o s i t i o n  u s i n g  small b o a t s  
and secured  on t h e  bottom w i t h  sandbags. 
6.  The p repara t ion  and t r a n s p o r t  of  topminnows 
One thousand newborn topminnows (P. v i t t a t a )  w e r e  
airl ifted from Eonolulu t o  Hilo.  A t  H.I.M.B. on Oahu, 
t h e  topminnows w e r e  p laced  i n  one-gallon p l a s t i c  bags 
which were s a t u r a t e d  w i t h  oxygen and s e a l e d .  Each bag 
conta ined  approximately f i v e  hundred f i s h  i n  w a t e r  of 
optirmun q u a l i t y .  The bags w e r e  t hen  p laced  i n  a s t y r o -  
foam c o o l e r  which w a s  a l s o  s e a l e d .  The f i s h  remained 
s e a l e d  w i t h i n  t h e  c o o l e r  f o r  s i x  hours .  A f t e r  a r r i v a l  
i n  H i l o ,  t h e  c o o l e r  and bags w e r e  opened bu t  t h e  top-  
minnows remained i n  them f o r  t h e  next  12  hours  wi thout  
a e r a t i o n .  There w a s  no apparent  m o r t a l i t y .  
The baby topminnows w e r e  t r a n s f e r r e d  t o  a f i f t y - g a l l o n  
barrel con ta in ing  t e n  g a l l o n s  of  a e r a t e d  w a t e r .  Water 
q u a l i t y  was kept  n e a r  optimum w i t h  a s a l i n i t y  of 17% 
and a temperature o f  2 3 O ~ .  (Herr ick  and Baldwin, 1975) 
The next  morning t h e  k e i k i s  w e r e  f e d  f r eeze -d r i ed  
zooplankton. An i n i t i a l  l e n g t h  measurement o f  10  topminnows 
w a s  t h e n  taken,  
A f t e r  remaining i n  t h e  b a r r e l 1  f o r  f o u r  days ,  t h e  
t h e n  six-day o l d  f i s h  w e r e  t r a n s f e r r e d  i n t o  t h e  brood pens 
i n  Richardson 's  pond. The f i s h  w e r e  acc l imated  t o  t h e  
'cold b r a c k i s h  w a t e r  of  t h e  pond. (Mean s a l i n i t y  and 
tempera ture  of 5.0% and 1 9 . 5 O ~ .  ) The bags c o n t a i n i n g  
warmer,saltier wa te r  w e r e  submerged o v e r  a f i f t een-minu te  
p e r i o d  w h i l e  mixing i n  pond wa te r  by hand. There w a s  
no apparent  m o r t a l i t y .  
D, Growth s tudy  obse rva t ions  . 
The growth s t u d y ,  designed by a team of M.O.P. 
s t u d e n t s ,  was used t o  determine whether o r  n o t  topminnows 
(P, vt t ta ta  s p e c i f i c a l l y )  could  be  r a i s e d  t o  mature size 
i n  R ichardson t s  pond. And fur thermore ,  it w a s  desired 
t o  f i n d  o u t  whether  a c o n t r o l l e d  food source  o t h e r  t h a n  
t h e  b e n t h i c  algae growing i n  t h e  pond would b r i n g  about  
a h i g h e r  growth rate. 
Half of t h e  baby topminnows w e r e  f e d  f o r  a t h r e e -  
month p e r i o d ,  a r a t i o n  which v a r i e d  over  t h e  course  of 
t h e  s tudy  a n d  t h e  o t h e r  h a l f  w e  used as comparison 
c o n t r o l s .  P e r i o d i c  growth measurements were t h e n  t a k e n  
v i a  random sampling from each pen, one  c o n t a i n i n g  f i s h  . 
which w e r e  f ed ,  and t h e  o t h e r  con ta in ing  t h o s e  which 
w e r e  n o t .  
The i n i t i a l  r a t i o n  given t o  t h e  f i s h  c o n s i s t i n g  
of one  hundred m l s .  of  chicken feed  p e r  f i v e  hundred 
juveniles p e r  day was t o o  much. The r a t i o n  w a s  t h e n  
reduced t o  forty m l S .  With t h e  a r r i v a l  o f  t u n a  f i s h  
m e a l ,  t h e  r a t i o n  w a s  f i n a l l y  changed t o  t h i r t y  m l s .  o f  
ch icken feed and f i f t e e n  m l s .  o f  f i s h  meal p e r  f i v e  
hundred f i s h  per day. 
E, A p r e v i o u s  endeavour 
Two months p r i o r  t o  t h e  mentioned growth s t u d y ,  
about  three hundred a d u l t  topminnows and an unknown 
number of juven i les  w e r e  a i r l i f t e d  t o  Hilo.  These 
w e r e  placed i n  a broodpen w i th in  t h e  pond. Those 
f i s h  which could not  escape t h e  1/4" mesh screen remained 
(50 a d u l t s ) .  It is assumed t h a t  t h e s e  continued t o  
reproduce throughout t h e  growth s tudy.  During t h e  s t udy ,  
t h e  a d u l t s  w e r e  given a food r a t i o n  of i n i t i a l l y  100 m l s .  
of  chicken feed  and l a t e r  both  f i s h  meal and egg maker 
in a r a t i o  of  30:70 m l s .  
These a d u l t  f i s h  w e r e  used dur ing t h e  growth 
s tudy of  comparison of a d u l t  and juven i le  feeding behavior .  
I V .  Resu l t s  
Table 1. ' 
Summary of Water Q u a l i t y  Data 
1. S a l i n i t y  (Percentage)  




b) Variance 0.520 
c)  Range 
Note: S a l i n i t y  and temperature measured d a i l y  except  
those  days when equipment was unava i lab le  o r  
malfunctioning. 
Table  2. 
Summat ion  of Growth D a t a  
- - 
Meas # D a t e  x fed(cm) x n o t  f e d  (em) 
1 Aug. 2 0.73 
2 Aug, 10  1.1 1.1 
3 Aug. 22 1.2 1.2 
4 Sept .  4 
5 Sept .  16  
6 O c t .  4 2.5 1.8 
Note: F i s h  born J u l y  31, 1977; f i r s t  measurement on 
Aug. 2 ;  f eed ing  begun on Aug, 4 wi th  egg maker; 
f e e d i n g  begun on Sep t ,  4 w i t h  t u n a , m e a l  a l s o .  
V, Discuss ion  
P. v i t t a t a ,  t h e  topminnow s p e c i e s  under s t u d y ,  
- 
h a s  been claimed t o  be hardy enough t o  be  used as a 
s u b s t i t u t e  t u n a  b a i t  s u c c e s s f u l l y .  (Herr ick  and Baldwin, 
1975). Our exper ience  p rov ides  e x e m p l i f i c a t i o n  of t h i s  
9 hard iness .  ~ e w b o r n  k e i k i s  su rv ived  e i g h t e e n  hours  
wi thou t  a e r a t i o n  i n  one-gallon bags of  sal t  w a t e r .  The 
same f i s h  w e r e  then  t r a n s f e r r e d  from w a t e r  w i t h  a s a l i n i t y  
and tempera ture  of 17.5% and 23Oc t o  water which w a s  
measured a t  5.0% and 1 9 . 5 ~ ~  i n a f i f teen-minute p e r i o d  
of acc l imat ion .  No m o r t a l i t y  was observed i n  e i t h e r  case. 
I n t e r e s t i n g  feed ing  behavior  by topminnows was 
observed d u r i n g  t h e  growth s tudy.  Adult topminnows w e r e  
observed t o  feed only  on t h e  bottom and t o  f avor  a l a r g e  
g r a i n  size. J u v e n i l e s  favored  f i n e l y  graned f e e d  and 
i n i t i a l l y  would only  t a k e  food from t h e  s u r f a c e .  A s  
t h e  young f i s h  g r e w ,  t h e y  f e d  f u r t h e r  down t h e  w a t e r  
column and w o u l d  i n g e s t  a l a r g e r  g r a i n  size. 
The same c o r r e l a t i o n  w a s  observed among t h e  f i s h  
which w e r e  n o t  f e d ,  They w e r e  observed t o  g raze  on a l g a e  
f u r t h e r  down t h e  s i d e s  of  t h e i r  pen as they grew o l d e r .  
These, however, w e r e  never  observed t o  feed  on t h e  bottom. 
Desp i t e  the h a r d i n e s s  of  t h e s e  f i s h ,  a s tudy  of  
t h e i r  growth i n  Richardson 's  pond wasn ' t  encouraging. 
Over a three-month pe r iod ,  t h o s e  topminnows which w e r e  
f e d  grew t o  2 . 5  cm.  F i g u r e  1 i l l u s t r a t e s  t h e  l i n e a r i t y  
of t h e i r  growth, always about  1 /37  c m  p e r  day; less t h a n  
1 cm p e r  month, The f i s h  which w e r e  no t  f e d  grew o n l y  . 
1.75 c m  over  a three-month p e r i o d ;  t h e i r  growth rate 
dec reas ing  w i t h  time. Feeding t h e  f i s h  r e s u l t e d  i n  
b e t t e r  growth, b u t  even w i t h  f eed ing ,  something w a s  l e f t  
t o  be d e s i r e d ,  
Cons ider ing  water q u a l i t y  a s  a p o s s i b l e  exp lana t ion  
f o r  s low growth, Herr ick  and Baldwin (1975) s tate  t h a t  
s u c c e s s f u l  growth and reproduct  ion  can be a t t a i n e d  w i t h  
s a l i n i t y  ranging  from 3.5 t o  17.5% and a tempera ture  
ranging  from 23.0 t o  34 .oOc. The s a l i n i t y  range  of  
Richardson 's  pond w a s  w i t h i n  t h e  recommended l i m i t s  a t  
3.8 t o  6.8% ( r e f e r  t o  Table  1). The tempera ture  however 
w a s  o u t s i d e  o f  t h e  l i m i t  r ang ing  between 1 8 . 5 ~  and 
2 1 . 0 ~ ~  ( r e f e r  t o  F i g u r e  1). So, it appears  t h a t  due 
t o  c o l d  w a t e r ,  t h e  topminnows could n o t  grow and 
reproduce s u c c e s s f u l l y .  For t h e  evidence ob ta ined  
t o  be conc lus ive ,  however, a d d i t i o n a l  water q u a l i t y  
data should  be obta ined .  
V I  . Evaluat ion  
Ra i s ing  topminnows i n  Richardson 's  pond exposed 
u s  t o  problems which are common t o  many a q u a c u l t u r a l  
endeavours and some which are s p e c i f i c  t o  t h e  c u l t u r e  - 
of topminnows and t o  Richardson ' s  pond. W e  m e t  problems 
invo lv ing  p reda t ion ,  w a t e r  q u a l i t y ,  food s o u r c e s ,  f i s h  
containment and o b t a i n i n g  growth r e l a t e d  d a t a .  
The preda t ion  and containment problems w e r e  over- 
come w i t h  the u s e  o f  brood cages which i s o l a t e d  t h e  top- 
minnows from p r e d a t o r s  and conta ined  them w i t h i n  a s m a l l  
area. A s  a food source ,  w e  provided some f i s h  w i t h  a 
supp lementa l ' d i e t  of fish m e a l  and chicken feed .  The 
r e s t  w e r e  observed t o  f e e d  on t h e  b e n t h i c  a l g a e  found 
growing i n  t h e  pond. Water q u a l i t y  w a s  less t h a n  op t ima l  
and w a s  beyond o u r  power t o  change. , The s m a l l  s ize and 
quickness  o f  t h e  topminnows and t h e  depth o f  t h e  brood 
cages  made t h e  f i s h  d i f f i c u l t  t o  c a t c h  f o r  d a t a  c o l l e c t i o n .  
A brood cage design which e l imina ted  t h i s  problem w i t h  
d a t a  c o l l e c t i o n  would g r e a t l y  i n c r e a s e  sampling e f f i c i e n c y  
as w e l l  as render  o t h e r  o b s e r v a t i o n s  more r e a d i l y  
a v a i l a b l e .  
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Water Qual i ty  Data 
S a l i n i t y  (%) Temperature ( O C )  
a m -  --- - ---- * 
Appendix I (cont inued)  
D a t e  
















S a l i n i t y  (%) 
APPENDIX 2 
Growth Measurements ( i n  cm) 
Aug. 2 
f i  
variance = 0.252 cm 









variance = 0.110 c m  
range = 1.0 - 1 . 3  cm 
Not fed 
Xi 
variance = 0.120 cm 
range = (1.0-1.3) cm 
Aug. 10 





range = (1.1-1.3) cm 
variance = 0.06 
N o t  f e d  
Xi 
range = (1.1-1.3) cm 
variance = 0.173 cm 
range = (1.5-2.0) cm 
N o t  fed 
Aug. 22 
Sept .  4 
Appendix 2 (continued) 
Meas. 4 (continued) 
- 
x = 1 . 5  c m  
variance = 0.16 
range = (1.2-1.8)cm 
Fed 
-
variance = 0.16 cm 
range = (1.7-2.2)  cm 
Not fed 
Xi 
Sept.  16 
variance = 0.16 c m  
range = (1 .5-2 .0)  cm 
Appendix 2 (continued) 
- 
x = 2.5 cm 
variance = 0.36 cm 
range = (2.0-3.0)cm 
Not fed 
- 
x = 1.8 cm 
variance = (calculate) 0.23 crn 
range = (1.5-2.2)cm 
Oct. 4 
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